This study examined the impact of emotion on opiate withdrawal induced hyperalgesia to determine whether emotional states modulate the magnitude of hyperalgesia. One hundred Hispanic males were recruited into one of three groups: heroin withdrawal, long-term heroin abstinence, and controls. Participants were presented with pictures to induce neutral, positive and negative emotional states. Affective valence, arousal, pain threshold and tolerance to ischemic pain were measured. When pain threshold and tolerance were compared, the withdrawal group displayed significant heightened pain sensitivity when negative affect was induced. We also found that former heroin addicts showed heightened pain sensitivity following months of abstinence.
Introduction
Classically, pain has been defined as "an unpleasant sensory and emotional experience associated with tissue damage or described in terms of such damage" 1 . However, only recently has the emotional component of pain been recognized as not just an accessory part of the painful experience but also as an important modulator of pain itself; decreasing it when positive emotions or memories are elicited [2] [3] , or increasing subjective pain intensity and decreasing pain tolerance when negative emotions (like fear or anger) are elicited 2, [4] [5] [6] . Data supporting the fact that perception of painful stimuli is profoundly influenced by emotional variables is based not only on behavioral studies but also on anatomical 7 and physiological research 8 .
The emotional modulation of pain has been studied primarily in healthy persons 2, 4, 9 and in some clinical populations, including patients with rheumatoid arthritis 10 and psychiatric problems such as depression and post-traumatic stress disorder 11 . However, relatively little research has investigated the role of emotion in modulating the enhanced pain sensitivity observed during opiate withdrawal and abstinence 12, 13 in heron dependent individuals (as defined in the fourth edition of the American Psychiatric Association's Diagnostic and Statistical Manual of Mental Disorders, 1994), even though shared neuroanatomical and neuropharmacological mechanisms are involved in the negative emotional-motivational effects of drug withdrawal 14 . Given the high incidence of psychiatric co-morbidities associated with opiate use 15, 16 , increased anxiety states experienced by this group 17 , and the proposed links between negative affect with compulsive use of opiates 18 and craving 19 , a better understanding of the influence of affective states on pain perception is of particular importance.
Hyperalgesia (increased sensitivity to noxious stimulation) resulting from long-term opiate administration has been previously observed in humans 18, 19, 20 and animal models [21] [22] [23] . It is known that, when compared to other drug users, heroin addicts display a particularly severe hyperalgesic state 24 , which constitutes a strong negative reinforcement for continued use of drugs because use immediately alleviates the hyperalgesia 25 . Despite advances in the understanding of the physiopathology of opiate withdrawal-induced hyperalgesia, the contribution of stressful and emotional factors to the hyperalgesic state remains relatively unexplored. This is surprising because negative affect increases drug craving and is associated with an increased risk of relapse in opiate addicts 26 . Craving is a multidimensional construct that includes both reward craving as well as relief craving designed to escape or avoid withdrawal-induced hyperalgesia 19 . Recent evidence suggests that negative affect is the strongest predictor of both reward and relief craving and subsequent relapse 27, 28 . We hypothesize that negative affect may intensify relief craving by heightening withdrawal-induced hyperalgesia. Consistent with this view, recent evidence suggests that cue-induced craving is associated with enhanced pain sensitivity in abstinent opiate addicts 13 . Although no one has directly examined the impact of negative affect on heroin withdrawal-induced hyperalgesia, these findings suggest that negative affect may increase opiate withdrawal-induced hyperalgesia, which may contribute to increased relief craving and continued drug use among heroin addicts.
The purpose of this study was to examine the impact of emotion on hyperalgesic states triggered by opiate withdrawal by determining whether emotional states modulate the magnitude of hyperalgesia observed during heroin withdrawal and abstinence. This was accomplished by examining ischemic pain threshold and tolerance during emotional pictureviewing in Hispanic male heroin-dependents during withdrawal and abstinence periods compared to controls. We hypothesized that negative affect would heighten and positive affect would attenuate the magnitude opiate withdrawal induced hyperalgesia. Because negative affect has been shown to be the most powerful predictor of relief craving 28 we further hypothesized that negative affect would cause greater increases in pain sensitivity in heroin addicts compared to healthy controls.
Material and Methods

Participants
One hundred Hispanic males were recruited into one of three groups: acute heroin withdrawal, long-term heroin abstinence, and healthy controls. The acute withdrawal group (60 volunteers) was recruited from several rehabilitation centers in Ciudad Juarez, Chih., Mexico through counselors' notification during a pretreatment interview that described the study. Acute withdrawal patients met the following criteria: 1) a history of opiate dependence during the last month as defined in the DSM-IV, 2) within 24 to 72 h of their last heroin dose 29 , which is a period of intense withdrawal-induced hyperalgesia (opiate withdrawal signs -rhinorrhoea, piloerection, perspiration, lacrimation, tremor, mydriasis, hot and cold flushes, restlessness, vomiting, abdominal cramps, anxiety, bones and muscles ache-) were assessed by clinical examination 30 , 3) were not taking any kind of medications (testing was concluded prior to formal treatment), 4) no circulatory, cardiac or neurological problems and 5) no depression or psychiatric problems other than drug addiction. A second group (ex-users group) was formed from 20 healthy former heroin users (mean length of opioid abstinence 30. 4 months) recruited from volunteers working in rehabilitation centers and through rehabilitation follow up appointments. The third group (non-users group) consisted of 20 healthy non-user volunteers without a history of heroin use with similar socio-demographic characteristics as the other two groups. Participants in non-users and exusers groups were required to meet the following criteria: 1) gender and age similar to subjects in the withdrawal group, 2) a negative history of illicit substance use of any kind during the last 10 months (for the ex-users group) or never in lifetime (for the non users group), 3) absence of acute and chronic pain of any type, and 4) no medication use. Divergence in the number of volunteers among groups is a consequence of implementing the study in detoxification centers where the number of active heroin users was high and volunteers for the other two groups were scarce. All procedures in the study protocol were approved by the Texas A&M Institutional Review Board and all participants provided informed consent.
Ischemic Pain Procedure
The submaximal effort tourniquet procedure was used to induce ischemic pain 31 . The tourniquet task involves the use of a standard blood pressure cuff to occlude circulation to the arm. Prior to inflating the tourniquet cuff to 200 mmHg, the subject's arm was raised for 30 s to promote venous drainage, and then the cuff was inflated, the experimenter's stopwatch started, and the arm returned to the side. To promote forearm ischemia, subjects completed 20 handgrip exercises with an intersqueeze interval of 2 s. 32 . Participants were instructed to report when they first felt pain (pain threshold) and when the pain became intolerable (pain tolerance limit). The time required to reach these two endpoints was recorded. The procedure was terminated at the point of tolerance or after 20 min, whichever came first. After the participants reached their pain tolerance limit and the cuff was deflated, they were asked to rate the perceived intensity and unpleasantness of their ischemic pain using visual analogue scales (VAS). This was done to determine whether the participants used the same subjective criteria to determine their pain tolerance limit.
Visual Stimulus Materials
The International Affective Picture System (IAPS) is a set of emotionally-evocative, color photographs of diverse stimuli designed to provide standardized affective stimuli 33 . These pictures were collected from different sources and classified into affective categories by large groups of participants using average ratings of affective valence (pleasantness) and arousal using the Self-Assessment Manikin 34 . The mean ratings of valence and arousal for these materials are highly internally consistent and have shown stability and concordance with emotional behaviors and physiological events such as heart rate and skin conductance response 35, 5 . During viewing the participant was seated 2 feet from a 10′′ high for 12″ wide projected image. Pictures' slide shows were presented for 4 s each. The order of presentation of the pictures was randomized to avoid order effects.
Pictures for this study were selected according to three levels of affective valence (in a 1 to 10 scale): pleasant or "positive" pictures (mean valence 6.80), neutral (mean valence 5.49) and unpleasant or "negative" pictures (mean valence 3.68), and also to minimize differences in arousal level across affective category (mean arousal for the positive, neutral and negative pictures was 3.76, 3.15 and 3.79, respectively). For each condition a set of 30 different pictures was selected a .
Manipulation checks
VAS-Using
Visual Analogue Scale (VAS), participants were asked to rate the intensity and unpleasantness of their pain during the tourniquet test using two VAS. Participants rated their pain intensity on a 100 mm VAS ranging from 0 (no pain) to 100 (the most intense pain you can imagine), whereas pain unpleasantness was rated on a VAS from 0 (not at all unpleasant) to 100 (most unpleasant pain imaginable). The VAS score is determined by measuring the distance (in millimeters) between the 0 point and the patient's mark 36 .
CES-D-The
Center for Epidemiological Studies-Depression Scale (CES-D), a 20-item questionnaire of depression symptoms was administered in order to detect preexisting emotional distress. Participants rated their symptoms on a 0 to 3 scale with total scores ranging from 0 to 60. Mild depressive symptomatology is indicated by a score of 16 and higher scores indicate greater depressive symptoms 37 .
SAM-The
Self-Assessment Manikin (SAM) is a non-verbal pictorial assessment technique that measures affective valence and arousal 34 . For each affect dimension, the subjects were instructed to place an "X" on or between a series of 5 cartoon pictographs depicting different levels of affective valence (1 "unhappy" to 9 "happy") or arousal (1 "calm" to 9 "excited"). This yielded ratings ranging between 0 and 9 for each dimension. Using the SAM, participants rated subjective valence and arousal following exposure to the IAPS slides as a way of determining whether the participants experienced the targeted emotional state. The SAM was administered immediately after the tourniquet test rather than after the slide show to minimize possible demand or expectation effects 38 . Figure 1 illustrates the experimental procedure. The experiment was conducted in a quiet room maintained between 22-24°C. After obtaining informed consent, subjects were acclimated for 15 min while they completed the demographics, health status, and CES-D questionnaires. Next, the participants practiced using the SAM and VAS measures by rating hypothetical stimuli. Participants were then instructed on the tourniquet procedures. A tourniquet cuff was positioned on the subject's arm and the arm placed on a table to the side. Following the pictures slide-show pain threshold and tolerance limit were measured as described in the Ischemic Pain Procedure section. Immediately after the procedure, the subjects were asked to indicate their maximal pain intensity and pain unpleasantness on a VAS. Participants completed a total of 3 tourniquet tests spaced 15 minutes apart. Neutral slides were viewed before the baseline tourniquet test. Fifteen minutes following the termination of the baseline tourniquet test, participants were randomly assigned to view either a positive or negative slide show prior to each of the two remaining tourniquet tests. The order of the positive and negative sideshows was counterbalanced across and within subjects. After each tourniquet test, the subjects completed the VAS and SAM scales.
Procedure
Statistical analysis
Analysis of variance (ANOVA) and trend analyses were used to assess differences across slide show and drug history conditions. Post-hoc mean comparisons were conducted using a Tamhane test. Data are presented as mean ± SEM. Table 1 presents participant characteristics by group. No significant differences of age between groups were found. Twenty-five other participants (originally in the withdrawal group) were excluded for presenting with abscesses on their arms, concomitant heavy use of other drugs (cocaine, marihuana and/or alcohol) during one week previous to the study or clinical depression determined by scoring16 points or more in the CES-D scale. Additionally, the "Ex-users" group averaged a 30.4 months of abstinence ( SD 29.3) ranging from 10 to 120 months with a median of 15 months (SEM=6.75); 70% of the individuals in this group (n=14) reported 24 months or less of abstinence and the other 30% (n=6) reported abstinence times ranging from 3 to 10 years. Figure 2 depicts the effects of the negative, neutral and positive IAPS slide conditions on SAM valence (2A) and arousal ratings (2B). An ANOVA conducted on the affective valence scores showed a significant main effect of slide category on valence ratings, F (2, 97) = 80.175, p< 0.001 plus a significant linear trend (F (1, 97) = 168.58, p<0.001, η 2 = .63) with the negative pictures inducing the lowest score and positive pictures inducing the highest score. No interaction between slide categories and drug history group was found, p > 0.05. There was also a significant effect of drug history group on valence ratings, F (2, 97) = 7.67, p< 0.001 ( Fig.2A ). An ANOVA conducted on the affective arousal scores shown no differences across drug history groups, F (2, 97) = 0.511, p > 0.05, and slide conditions, F (2, 97) = 2.918, p > 0.05 (Fig. 2B) .
Results
Participant Characteristics
Manipulation Checks
Pain Intensity and Unpleasantness Scores
There were no effects of the affect and drug history conditions on VAS ratings of pain intensity and pain unpleasantness following the termination of the tourniquet test as determined by ANOVA analysis. This suggests that subjects used consistent criteria to determine pain tolerance across the affect and drug history conditions. Thus, changes observed in tolerance latency in the affect and drug history conditions should reflect a change in pain sensitivity, rather than a shift in response bias. Figure 3 depicts the effect of drug history on ischemic pain threshold and tolerance of the experimental groups (non-user, ex-user, and withdrawal). Analysis on pain threshold (Fig.  3A) revealed a significant main effect of drug history, F (2, 97) = 18.09, p < 0.001. Post-hoc analysis reveals that the withdrawal group exhibited the lower pain thresholds when compared to the non-users and ex-users, p < 0.001. The main effect of drug history on pain tolerance (Fig. 3B ) was also significant, F (2, 97) = 16.770, p < 0.001. Post hoc comparisons for tolerance revealed a marginally significant effect between control and ex-users (p < 0.05), and significant differences between the ex-user and withdrawal groups, as well as between the control and withdrawal groups (p < 0.001). There were no significant interactions between picture category and drug history for either the threshold or the tolerance (p = 0.300). Figure 4 depicts the effects of picture content (negative, neutral and positive) on ischemic pain threshold and tolerance of the experimental groups (non-user, ex-user, and withdrawal). For each dependent variable, a mixed ANOVA was conducted entering picture content (positive, neutral, negative) as the within-subject variable and drug history (nonuser, exuser, withdrawal) as the between group variable. Data analysis revealed a significant main effect of picture content on pain threshold and tolerance. The analysis on pain threshold (Fig.4A) found a significant main effect of picture content, F (2, 97) = 5.65, p < 0.005, along with a significant linear trend, F (1, 97) = 11.951, p < 0.001, η 2 = .110. Post-hoc mean comparisons indicated that the negative slides resulted in the lowest thresholds when compared to positive and neutral slides in the withdrawal group, p < 0.001. No significant differences in pain threshold between neutral and positive pictures were found within any of the groups, p > 0.05. Examination of the ischemic pain tolerance data (Fig.4B) indicated a significant main effect of picture content, F (2, 97) = 5.149, p < 0.001, with a significant linear trend for picture content, F (1, 97) = 9.571, p < 0.005. Post-hoc mean comparisons indicated that the negative slides resulted in the lowest tolerance compared to the neutral and positive slides, p < 0.001.
Ischemic Pain Threshold and Tolerance
The interaction between picture content and drug group was not significant for pain threshold, (F (2, 97) = 1.972, p > 0.05), or pain tolerance, F (2, 97) = 1.228, p= 0.300, when all affective categories were included. However, analyses focusing on the negative and neutral affect slides revealed a significant interaction between picture content and drug history for pain threshold, F (1, 97) = 3.73, p < 0.05, and pain tolerance, F (1, 97) = 3.16, p < 0.05, indicating that impact of the negative slides depended on drug history. Post-hoc mean comparisons revealed that this interaction was driven by the stronger reductions in pain threshold and tolerance observed in the withdrawal group when compared to the nonusers, p < 0.05.
Discussion
The goal of this study was to examine the influence of emotional states on opiate-induced hyperalgesia. As expected, individuals in the heroin withdrawal group showed strong reductions of pain thresholds and pain tolerance when compared to the non-users, indicating opioid withdrawal-induced hyperalgesia. Additionally, ex-heroin users exhibited heightened pain sensitivity after an extended period of abstinence. We also found that individuals in all groups (non-users, ex-users and withdrawal) showed reduced pain tolerance after viewing negative pictures when compared to the tolerance latencies observed after viewing positive and neutral pictures. Consistent with our hypothesis, negative affect produced greater reductions in pain threshold and tolerance in the acute heroin withdrawal subjects compared to the healthy control subjects. This is important because it suggests that negative affect induction produces greater increases in pain sensitivity in heroin addicts undergoing acute withdraw, and consequently, this greater vulnerability to negative affect may contribute to increased relief craving and risk of relapse. Additionally, the results showed that ex-heroin users continued to show heightened pain sensitivity after an extended period of abstinence.
Previous research conducted in healthy subjects suggests that negative affect increases pain sensitivity by amplifying pain processing and enhancing attention to noxious stimuli 2, 5, 9, 39, 40 . Similar mechanisms may be responsible for amplifying pain sensitivity during heroin withdrawal. In addition, it is known that during withdrawal, opiate users experience considerable mood disturbance 12, 38 , which may interact with negative affective modulation and contribute to the exacerbation of the observed hyperalgesia. Consistent with this view, our results show that negative affect modulation was greater in the heroin withdrawal group. It is also possible that the neural systems involved in negative affect modulation may be altered by brain stress systems that attempt to adapt to the chronic presence of the opiate drug and restore equilibrium. Brain stress systems mediated by corticotropin-release factor (CRF) are disrupted by chronic use of illicit drugs by triggering a common response of elevated adrenocorticotropic hormone, corticosterone, and amygdala CRF during acute withdrawal, as showed in animal experimentation [41] [42] [43] [44] . Moreover, acute withdrawal from these drugs produces an anxiety-like state that can be reversed by CRF antagonists 45 . Additional evidence suggests that the extended amygdala may provide a common anatomical substrate integrating brain stress systems with hedonic processing systems 46 to produce the between-system opponent process described by Koob 45 . Importantly, the extended amygdala is not only thought to play a major role in fear conditioning 47 but also in the emotional component of pain processing as has been showed in humans 48 and animals 49 .
Contrary to our expectations, viewing of positive pictures did not increase pain thresholds and tolerance. There are different potential reasons why viewing positive pictures did not result in decreased pain sensitivity relative to neutral pictures in any of the groups, particularly the withdrawal group. One possible explanation is that the intensity of the positive affect elicited by the positive pictures was not sufficient enough to have an effect on pain modulation. This speculation is particularly relevant for the withdrawal group, whose members, as corroborated by manipulation checks reported amplified negative affect. Thus, while the pain modulatory mechanisms activated following negative affect induction may be able to amplify the intensity of hyperalgesia, positive affect induction may not be able to attenuate it. However, it remains possible that the induction of more intense positive affective states may be able to attenuate pain in this population. Additionally, overlapping neuroanatomical regions involved in emotion and pain processing 18 which are associated with the defensive and appetitive systems, have been implicated in affective pain modulation 50, 11 . Thus, prior activation of these systems by affective stimuli alters the processing of subsequent pain signals. Because emotion and pain processes share a common neural substrate [51] [52] [53] , emotional states may prime the pain system to be either more or less responsive to incoming noxious stimuli. In agreement with this hypothesis, it is likely that in the present study, the negative slides activated the aversive motivational system heightening heroin withdrawal-induced hyperalgesia. Moreover, the defensive and appetitive systems are believed to be mutually exclusive 54 , an idea supported by findings showing that such systems have distinct neural bases 55, 56 . Thus, the withdrawal group may have been unresponsive to the positive slides (primers of the appetitive system) because their defensive system had been activated prior to the introduction of the experimental manipulation (the withdrawal group reported high levels of negative affect).
The second major result in our work was the fact that the ex-users group also showed evidence of a hyperalgesic response as indicated by their increased sensitivity to ischemic pain with respect to non-users. This response manifested only on tolerance assessments. This finding has two main implications: First, the results suggest that hyperalgesia may persist in former heroin-users even after years of abstinence. Second, the hyperalgesia observed in the withdrawal group may be due to a combined effect of heroin withdrawal side-effects and either long-term changes in pain sensitivity produced by a long history of heroin use, or by pre-existing differences between nonusers and ex-users such as genetic factors. These mechanisms are not clear, even though it is believed to result from neuroplastic adaptations in the nervous systems that cause sensitization of pronociceptive pathways 57 . Advances in this field suggest that quantitative differences in pain sensitivity are influenced by both environmental and genetic factors 58 . However, even though several genes associated with pain sensitivity have been studied in animals, only a few genes in humans have been identified 59, 60, 61 . Although these advances promise to identify genetic modulators of pain, ultimately, variation in pain perception caused by genetic variations is only part of complex system involving different levels of neuronal processing 60 .
The finding that long-term heroin use could cause an exacerbation of pain after the drug's withdrawal it is not new; however innovative emerging theories can explain the phenomenon by further developing the molecular mechanisms of the opponent-process theory 62 . According to this theory pleasant or aversive affective states derived from drug use would be automatically opposed by centrally mediated mechanisms reducing the intensity of these states 63 . In the case of the effect of opiates on pain, pain sensitivity is determined by the interaction or summation effect of two mutually opposing processes, one antinociceptive and the other pro-nociceptive 64 . Among the last group (pro-nociceptive processes) fundamental in the development of hyperalgesia, the follow mechanisms, derived from studies with animals, are proposed: 1) descending facilitation (facilitation of synaptic transmission in dorsal horn neurons) 65 , 2) activation of adenylcyklase, 3) increase of proteinkinase C (involved in opioid receptor-desensitation) 66 , 4) NMDA-receptor activation 64 and 5) release of peptides with opioid-antagonistic properties such as cholecystokinin (CCK) 67 , neuropeptide FF (NPFF) and nociceptin (orphanin FQ) 68 .
An important finding in the present study was the fact that greater differences between groups were observed for pain tolerance when compared to pain threshold. Interestingly, existing reports in the literature present different results: Liebmann et al. reported a significant increment in pain thresholds in former opiate users (observable as reduced pain sensitivity) 69 . In contrast with this finding, studies involving active and former users found that active users displays lower pain tolerances and former users fluctuate from normality to pain intolerance 70 . Other studies found that ex-users of heroin under methadone treatment are clearly hyperalgesics 24 . Differences in population samples and methodology aside, variation in results are evident.
In concordance with the last group of studies, our results revealed reduced pain tolerance in the ex-users group manifested by decreased pain tolerance. Although the exact mechanisms remain to be elucidated, higher neuronal affective circuits are thought to play a major role in determining pain tolerance (e.g. descending control) 71 compared to pain thresholds 70 . Thus, centrally mediated processes, involved in the opponent-processes mechanisms, should have a larger impact on pain tolerance than on pain thresholds as reflected in this and other studies.
Limitations
Although the present study brings some design advantages over previous research, it is necessary to acknowledge that the majority of individuals in the withdrawal group and exusers were polysubstance users. That is, we cannot be absolutely certain of the extent to which previous use of other drugs influence these results. Given that only few studies have examined the impact of drug-use history on pain perception, and with mixed findings 70, 72 , further studies are needed to clarify this issue.
A potential limitation associated with using pictures from the International Affective Picture System (IAPS) to induce different mood states, is that they may not generate affective states that fully reflect the moods and events normally experienced during opiate withdrawal. While this is a limitation inherent in using IAPS, there are several advantages as well. The primary advantage is that they provide well-characterized and standardized pictures, which have been used in numerous studies to manipulate mood valence across a wide variety of populations across countries, cultures, age groups, in general and disorder-specific populations (e.g., smokers, eating disorders, personality disorders) and for which there is substantial self-report and psychophysiological validation data. Norms are available for the IAPS pictures for arousal-producing quality and valence on a strongly positive to strongly negative scale. Skin conductance responses provoked by these pictures have been found to correlate with the self-report arousal dimension. Moreover, the valence of the pictures has been shown to systematically modulate the magnitude of the acoustic startle response, with negative pictures amplifying the startle response and positive pictures inhibiting the startle response. Thus, the IAPS pictures provided a well-validated stimulus set for modulating mood. Whereas using images that may have been specifically relevant to the context of this population would be valuable, we would first need to conduct a series of validation studies to determine whether the pictures induce the targeted emotional and psychophysiological responses. Since this was our first study, we wanted to avoid some potential drawbacks of using not standardized materials. However, future studies could investigate whether more pronounced effects are observed using negative affect inducing pictures that are more relevant to this population to determine whether the same pattern of results might be seen with more naturalistic stimuli.
Conclusions
We have previously shown that the induction of negative emotion increases pain sensitivity in healthy adults 5 . The present findings extend this line of work by demonstrating that negative emotion not only exacerbates heroin withdrawal-induced hyperalgesia, it causes greater increases in pain sensitivity in the heroin withdrawal group compared to healthy controls. This suggests that opiate-derived hyperalgesia is influenced by negative affect and thus interventions designed to decrease negative affect could be effective in attenuating pain during withdrawal and risk of relapse. It is shown also that ex-heroin users continued to show heightened pain sensitivity following months of abstinence. Future research will be needed to determine whether the heightened pain sensitivity observed in abstinent ex-heroin addicts is a consequence of long-term opiate use or of a pre-morbid condition. 
